Background: Second-generation antipsychotics (SGAs) have been used in the augmentation of treatment-resistant depression. However, little is known about their effectiveness, tolerability, and adverse events in the treatment of late-life depression, which were the aim of this study. Methods: The retrospective data of patients aged .65 years who had a major depressive episode with inadequate response to antidepressant treatment and had adjuvant SGA treatment were analyzed. The outcome measures were the number of the patients who continued to use SGAs in the fourth and twelfth weeks, adverse events, and changes in symptoms of depression. Results: Thirty-five patients were screened: 21 (60%) had quetiapine, twelve (34.28%) had aripiprazole, and two (5.71%) had olanzapine adjuvant treatment. The mean age was 72.17±5.02 years, and 65.7% of the patients were women. The mean daily dose was 85.71±47.80 mg for quetiapine, 3.33±1.23 mg for aripiprazole, and 3.75±1.76 mg for olanzapine. The Geriatric Depression Scale scores of all patients were significantly decreased in the fourth week and were significant in the aripiprazole group (P=0.02). Of the 35 patients, 23 (65.7%) patients discontinued the study within 12 weeks. The frequency of adverse events was similar in all SGAs, and the most common were sedation, dizziness, constipation, and orthostatic hypotension with quetiapine, and akathisia and headache because of aripiprazole. Conclusion: This study indicates that dropout ratio of patients with SGAs is high, and a subgroup of patients with late-life depression may benefit from SGAs. Effectiveness is significant in aripiprazole, and adverse events of SGAs were not serious but common in elderly patients.
Introduction
Major depression is common in the elderly and results in increased mortality, disability, and suicide. 1, 2 It is estimated that in 2020 late-life depression (LLD) will be a significant public health problem and the second greatest cause of overall disability following heart disease. 3, 4 However, the response to initial first-line pharmacologic treatment of LLD is ,50%. [5] [6] [7] Currently, treatment resistance is defined by the following parameters: failure to achieve remission with one antidepressant trial and failure with two trials of adequate dose and duration. 8 Randomized controlled trials in LLD exhibit treatment resistance rates up to 77% when selective serotonin reuptake inhibitors (SSRIs) are applied, which varies between 55% and 81% with serotonin/ norepinephrine reuptake inhibitors. 8 Despite the fact that there is growing evidence from the Sequenced Treatment Alternatives to Relieve Depression study regarding the treatment-resistant depression (TRD) in the general population, evidence-based guidelines for the elderly are lacking. 3, 9 Impaired executive functions in LLD and magnetic resonance imaging white matter hyperintensities are more frequently known Both the factors are associated with treatment resistance and prone to antidepressant adverse effects. 7 Medical comorbidities, increased susceptibility to adverse effects, consequences of polypharmacy, and changes in metabolism should be considered in the treatment of the LLD. 3 Antipsychotics as an alternative augmentation approach in the treatment of depression have received noticeable attention in recent years. 1, [12] [13] [14] [15] [16] Three second-generation antipsychotics (SGAs), aripiprazole, quetiapine, and olanzapine-fluoxetine, have been approved by the United States Food and Drug Administration as an add-on treatment for adult TRD. 17 Yet, there is a remarkable lack of consistent evidence for the use of SGAs for LLD regarding efficacy and safety. The aim of this study was to investigate the effectiveness and tolerability/safety of SGAs as add-on treatment for LLD.
Methods
We conducted a retrospective study involving patients aged $65 years who were diagnosed with major depression and LLD and followed up regularly in the Geriatric Psychiatry Outpatient Clinic of Istanbul University, Istanbul Medical Faculty, between January 1, 2008, and January 1, 2016. Patients who were receiving adjuvant SGAs for their antidepressant treatment were recruited. The admission and follow-up procedures of the clinic were coordinated with a semi-structured interview and some standardized measures, which are outlined below. When patients were admitted to the clinic, physical, and neurological examinations, blood tests for thyroid functions, other blood/urine tests, and neuroimaging examinations were required to be taken according to provisional diagnosis. Geriatric Depression Scale (GDS) was designed as a self-administered, easy-to-use instrument for screening elder population. 18 The format of the "yes/no" questions is more suitable to detect LLD. Vegetative symptoms such as sleep, appetite, and libido changes are affected by aging, and they might be false-positive signs for depression. These items may not be as reliable as the core symptoms of depression in diagnosing LLD, and they are not included in GDS. GDS was routinely applied at each visit, baseline, fourth week, and every month or every 3 months according to the remission in patients with LLD. Basic cognitive examinations such as Mini-Mental State Examination (MMSE) were also required every 3 months. 19 The data of the patients were screened, and the data of patients who met the inclusion criteria were analyzed. All the patients provided written informed consent for analyzing their data, and ethical approval was obtained from the Institutional Review Board of Istanbul Medical Faculty.
Patients
The inclusion criteria were as follows: 1) Aged $65 years; 2) Diagnosed as having major depressive disorders according to the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition criteria; 3) Having first depressive episode when aged .65 years (ie, LLD); 4) Prescribed an SGA as adjuvant treatment to antidepressant treatment; 5) Absence of bipolar disorders, dementia, and other neurologic disorders. 1) Percentage of patients who stayed on the SGAs throughout the study (4-12 weeks); 2) Change in GDS with scores at baseline, 4 weeks, and 12 weeks; 3) Percentage of patients who developed serious and nonserious adverse events (a semi-structured questionnaire was asked routinely upon initiation of a new medication).
Outcome measures
Patients who achieved remission could not be investigated because the response and remission criteria with GDS were not well studied in the literature. Adverse events were collected in two ways: spontaneous reports of patients and questions of semi-structured follow-up interview. The interview consisted of questions/items related to mood, cognitive functions, functionality, activities of daily living, medications, and adverse event subdivisions. Adverse event items were summarized using a modified version of the UKU Side Effect Rating Scale.
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Statistics
All statistical analyses were performed and descriptive values, frequencies, percentages for categorical variables, mean, median, and standard deviation values for continuous variables were determined using Statistical Package for Software Analysis Version 16.0 (SPSS Inc., Chicago, IL, USA). The normally distributed continuous variables such as GDS and MMSE were compared using Student's t-test at baseline. GDS change was assessed using the Wilcoxon test between baseline and 4 weeks. Chi-square (χ 2 ) test and Fisher's exact test were used for the comparison of categorical variables such as adverse events between the SGA types. The level of statistical significance was determined at P#0.05. Adverse events frequency was analyzed using the chi-square test.
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Results
We analyzed 264 patients; of these, 113 patients had augmentation or combination treatment, the remaining 151 patients had antidepressant monotherapy treatment. Of the 113 patients, 35 patients met the inclusion criteria for augmentation treatment of SGAs: 21 (60%) patients received quetiapine, twelve (34.3%) had aripiprazole, and two had olanzapine (5.7%) adjuvant treatment. The data of all patients were analyzed descriptively; the mean age of the 35 patients was 72.2±5 years (range, 65-82 years), and 23 (65.7%) were women. The mean number of depressive episodes was 1.9±1.1 (range, 1-5). The mean dose of quetiapine was 85.7±47.8 mg (range, 50-200 mg), aripiprazole was 3.3±1.2 mg (range, 2.5-5 mg), and olanzapine was 3.7±1.8 mg (range, 2.5-5 mg). The mean GDS scores of 35 patients were 20.2±2.9 (range, 15-27) at baseline and 17.7±4.2 (range, 11-26) at 4 weeks, and the change was statistically different (P,0.001 and z score =3.9). Of the 35 patients, 23 (65.7%) discontinued the SGA within the first 12 weeks.
The data of the patients with quetiapine and aripiprazole were compared to investigate the possible differences. Two patients with olanzapine were excluded because comparison would not be possible with so few cases. Table 1 shows descriptions, demographics, and clinical characteristics of the patients who received quetiapine and aripiprazole. The mean age, sex, and education levels were similar across the two treatment groups. Medical comorbidities were also similar, except diabetes. Aripiprazole was prescribed more in patients with depression who had comorbid diabetes. The antidepressant medication included selective serotonin reuptake inhibitors, serotonin/norepinephrine reuptake inhibitors, and a combination of both groups; the distribution of antidepressant type was not different across the quetiapine and aripiprazole groups. The dropout ratios were 42.8% vs 33.3% (P=0.43) in the quetiapine versus aripiprazole groups at 4 weeks and 23.8% vs 41.7% (P=0.24) between the fourth and twelfth weeks. The frequency of patients who completed the study was low, and there was no difference between the groups (33.3% vs 25%, P=0.46). The mean GDS scores were not different across the treatment groups at baseline (Table 1) . GDS change between baseline and 4 weeks in each treatment group was assessed using the Wilcoxon test. There was a significant decrease in the aripiprazole group, but not in the quetiapine group (P=0.02 vs P=0.16; Table 2 ). Only seven (33.3%) patients in the quetiapine group and three (25%) in the aripiprazole group completed the study; the numbers of patients were low for the comparison of GDS 
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There were no life-threatening adverse events in either group (Table 3) . However, the frequency of adverse events was not low (66.7% for quetiapine vs 58.3% for aripiprazole), and the groups were not statistically different regarding the adverse event frequency (P=0.45). The two patients with olanzapine had weight gain, sedation, and constipation.
Discussion
Despite some limitations, compared with randomized trials, this was a real-world study that provided valuable observations from a geriatric mental health clinic. The main findings of this study were that there was a high percentage of dropout with SGAs; a subgroup of patients had benefits with SGAs, which was significant with aripiprazole for decreasing symptoms of depression; and there was a high percentage of nonserious adverse events with SGAs. The high and remarkable dropout rate was observed within the first 3 months of this study. Patients who used quetiapine were more likely to discontinue medication in the first 4 weeks, whereas aripiprazole users discontinued in the following weeks. This finding indicates that the tolerance of quetiapine in the first few weeks was insufficient and that slow titration could be beneficial. The ratio of patients who completed the study was remarkably low (1:3).
Compared with the two previous studies, the higher frequency of dropouts and adverse events of this study may be attributed to the real-world data, which differ from controlled interventions. 1, 14 More frequent visits of controlled trials may allow for better drug adherence. The dropout ratio of the elderly patients with SGAs has not been well documented in the literature, yet dropout ratio seems to be an important indicator of efficacy. Our findings regarding adverse events, dropout rate, and efficacy were concordant in this study. This finding highlights the difficulty of continuing ineffective medications with adverse events.
We observed that a subgroup of patients with SGA adjuvant treatment had benefits in reducing the symptoms of depression. We observed a significant improvement in depressive symptoms overall in patients starting from the fourth week. The patients who were on aripiprazole treatment tended to have a greater decrease in the symptoms of depression in the fourth week, even in a relatively small sample. There was a decrease in the mean GDS score in patients receiving quetiapine, but it was not statistically significant at the fourth week. The adjuvant treatment of SGAs was found efficacious in TRD in adult patients. 21 However, little is known about the effectiveness of SGAs in LLD. Only one randomized, double-blind, placebo-controlled study and two open-label studies showed that aripiprazole was effective and had an acceptable rate of adverse events in the treatment of LLD, as we found in this study. 1, 13, 14 Two open-label studies have shown favorable results for quetiapine augmentation. 15, 22 Further studies are required to understand the efficacy and safety of quetiapine, and comparing it with other SGAs in the treatment of LLD.
Quetiapine was the most prescribed SGA as an adjuvant treatment in this study group, aripiprazole followed quetiapine, and olanzapine was the least prescribed SGA. Even with relatively low doses, we observed large numbers of adverse events with SGAs in more than half of the patients. The frequency of adverse events was comparable in quetiapine and aripiprazole groups; nonetheless, various adverse events were observed across the two groups. The adverse events of sedation, dizziness, and gastrointestinal adverse events, increased appetite, and weight gain were frequent with quetiapine, whereas akathisia and headache were more common in the aripiprazole group. No patients had somnolence associated with quetiapine as reported in some previous studies. 23, 24 This may be because quetiapine is titrated slowly with low doses in our geriatric psychiatry clinic. Akathisia was more frequent among aripiprazole users than among quetiapine users in this study, and also more than in the literature. 1 Parkinsonism was not observed among the patients who were on aripiprazole as reported earlier, owing to the lower dose of aripiprazole in this study. 1 We acknowledge that the duration of this study was short at 3 months, and longer use of SGAs may result in more or serious adverse events, which previously served as warnings regarding mortality in geriatric patients. 25, 26 The small number of study patients might also be the reason for the absence of life-threatening adverse events. Among the SGAs, metabolic syndrome (ie, diabetes, weight gain, and hyperlipidemia) is more common with olanzapine and clozapine and less reported with quetiapine and especially 
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Atypical antipsychotics as add-on treatment in late-life depression with aripiprazole. 27 In our study sample, olanzapine was not prescribed frequently, and aripiprazole was more preferred in patients with diabetes. The reported adverse events data with SGAs were provided from patients with dementia. 28 Patients with dementia and depression, even those of similar age, may experience adverse events differently. In our study, it was considered that patients with LLD may experience more frequent adverse events with SGAs and tolerate these drugs less than patients with dementia. However, the self-reports of the patients with dementia may not reflect the reality of adverse events because they report less and are less aware.
Limitations
The retrospective design of the study may cause inadequate data collection. Metabolic markers such as blood level of lipids, glucose, and other blood tests were not collected in the third month. Accordingly, the patients' psychological, neurological, and physical adverse events and tolerability were investigated using subjective measures (self-reports). The sample size of the study was relatively small, which may have affected the results. Adverse events were not collected with standardized screening tools; adverse events were investigated with spontaneous self-reports by patients and questions in a semi-structured interview, which was routinely used in follow-up visits.
The duration of the study was limited to 3 months, and the long-term adverse effects of SGAs were not studied. The efficacy of olanzapine as an adjuvant treatment in TRD was also reported; however, the number of patients who had olanzapine treatment was too small in our study sample to give some opinion regarding efficacy, tolerability, and adverse events. Thus, this retrospective observation study is limited to two SGAs. Lastly, GDS is routinely used in the geriatric population; however, this instrument is not preferred for the screening of the pharmacologic treatment outcomes and thus the use of GDS may have some drawbacks. There have been a few studies published on the evaluation of GDS for measuring change or improvement in depression. 29, 30 Also, the definition of remission with GDS is not clear; thus, we evaluated the change in GDS instead of remission. Therefore, the results regarding the effectiveness of SGA should be interpreted with caution.
Conclusion
In conclusion, the tolerability of SGAs as an adjuvant treatment was low, and the dropout rate was high in the treatment of LLD. SGAs, especially aripiprazole, may have efficacy as an adjuvant treatment of LLD. These results should be interpreted with US Food and Drug Administration warnings of increased risks of cerebrovascular events with SGAs, when using them in a low-dosage regimen and short term. 31, 32 This favorable efficacy and adverse events profile requires further controlled, comparison studies to clarify which SGA is better for geriatric patients.
